Reliable, Low Cost Distributed Generator/Utility System Interconnect
Team*: GE Research, GE PSEC, GE Multilin, GE Zenith Controls, Puget Sound Energy
Subcontract Manager: Ben Kroposki, NREL

*Contact: Dr. Sam Ye (ye@crd.ge.com)

Program Objectives: Explore technical issues associated with interconnecting Distributed Generation (DG) with Electric Power Systems.
Develop a Universal Interconnect (Ul) system to bridge the technical barriers and facilitate the interconnection of DG.

Ul Study and Design

Ul Prototyping and Testing

DG Penetration Study

Ul Conceptual Design
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Key Features:
» Modularity:
IED (Intelligent Electronic Device) , PCD (Power Carrying Device)

> Standardized Interfaces: Power(I1), Communication(12), Sensor(13),
Control(14)

> Technol ble for Fuel Cell, bine, Genset, etc.
> Pre-testing and pre-certification for 1547 compliance
» Universal platform with natural progression of functionality

y neutral,

» Local Protection (P1547 functions): U/O V&F, Sync check, Al etc.

» Local Control: V&F support, Power quality, etc.
» Coordinated Protection/Control: Dispatch, EMS, etc.

IEEE P1547 Compliance Matrix

» Anti-Islanding (Al) is the Key function for Ul development

Non-Detection Zone (NDZ) Study
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Non Detection Zone

» The combined anti-
islanding schemes
lead to reduced NDZ

» Green: Under/Over

L Voltage/Frequency

-i » Blue: Rate Of Change
Of Frequency
(ROCOF)

» Red: Combined
Scheme with Reduced
NDZ
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Testing Diagram

Objectives:

> Validate NDZ

» Optimize Al Settings

» Explore Practical Issues

» Proof-Of-Concept for New
Product Introduction
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Objectives

ical issues
g interconnection

> Provide quantitative insight into the cril

> Results are useful to the industry in def
standards

» Focus on both near term reality and longer term high penetration

Al Setting Study

» A typical distribution system
used to simulate islanding and -
disturbance cases

» Trip index is a function of Al
algorithm and system
parameters

» First trip index threshold (red
line): All disturbance cases are
bypassed, however, 3 actual

i ing cases are missed -5

Anti-Islanding (Al) Schemes

» Local sensing (Relay Function) » System coordinated control

« UIO V&F « Transfer trip

« Vector Shift + Communications, ...

* ROCOF, ... > Integrate with DG control
> Perturbation - SFS, SVS

« Impedance monitoring (ENS) . SMs

« Impedance insertion, ... « Asymmetrical Wave, ...

» No single optimal scheme in terms of cost, technology neutral,
effectiveness

» Local sensing is much better-off in terms of Ul implementation

» Lower trip index threshold
(yellow line) can better capture
islanding, but also subject to

nuisance trip o
Trip Trip
Index Index

15 islanding cases 9 disturbance cases

Testing Facility
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Grid Current Grid Voltage

» Trip O/F after 1.5 sec
» AP=0.5%, AQ=11%

DG
Current

DG

Voltage

» No trip
» AP=0.0%, AQ=0.7%

A Bulk Power System (WECC)

Western Energy
Coordinate Council
(WECC)

WECC System Informition (Tip 3 Palo Verte generetors)
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» Event: Trip 3 Palo Verte

> Black: No DG
TN red: b wio Contro
N
- » Green: DG w/ Exciter
Control
> Blue: DG w/ Governor
Control
» One interesting result:
controlling voltage, without
controlling frequency can
adversely effect system
performance (for a capacity
event)

Test Site — A Biomass DG

» Evaluation with
Field Data
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Microgrid Study

» Event: a non-i: ing grid
disturbance
» Active control of DGs within a
microgrid can benefit both the
microgrid and the host grid.
» No DG case fails - bad for
microgrid and host grid
Rotating DG tends to have
some inherent benefits
Inverter DG less inherent
response, but faster when
controlled
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Future work

» Continue passive anti-i study and testing

» Explore active anti-islanding implementation and testing issues
» Study active anti-islanding for machin
» Explore interconnection issues for facility microgrid
» Support P1547.x standards development
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